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Rapid  growth  wttft  time  of  the  third-hamonk  signal  tn 
optical  glut  fibres.  lllwissted  with  IOkW  peak  power 
pulses  from  a  Nd ;  YaG  later,  haj  been  observed  Broadband 
fluorescence  from  the  tfcird-harmonk  signal  around  -»20nm 
was  alto  detected. 


Efficient  Second-harmonic  generation  (SHG)  hat  been 
observed  in  optical  fibres.1  The  most  significant  part  of  (hit 
observation  is  (hat  the  amount  of  SH  light  it  very  small  to 
begin  with  (due  to  the  amorphous  nature  of  glass)  but  with 
time,  as  the  fibre  is  illuminated  with  intense  laser  light  at 
4  «  !-06pm,  the  SH  signal  grows.  What  is  believed  to  happen 
during  this  'preparation  stage'  is  that  a  periodic  g,:i  nonlin¬ 
earity  is  established  in  the  fibre.  The  periodicity  is  important 
for  phase-matching.  A  good  review  of  SHG  in  optical  fibres 
an  be  found  in  Reference  1  Microscopically  what  is  going  on 
during  the  preparation  is  stilt  very  unelear.  In  this  ktter  it  is 
reported  that  for  optical  fibres  which  show  efficient  SHG. 
occasionally  the  third-harmonic  (TH)  signal  can  grow  expo¬ 
nentially  with  time  at  the  expense  of  (he  SH  signal. 

Our  experiments  were  performed  with  a  Q-switched 
(1200Hz)  and  mode-locked  (76 MHz)  Nd :  YAG  laser 
(Quantronix  416).  Peak  powers  between  I  and  20kW  were 
launched  into  the  optical  fibre.  The  fibre  used  had  a  core 
diameter  of  ds  3-3  pm.  A  at  00037  and  a  1-3  m%  phosphor¬ 
ous  content  in  the  core  and  cladding.  The  main  dopant  in  the 
core  was  GeO-. 

Optical  fibre  lengths  of  5~3f-cm  were  used.  The  output  of 
the  fibre  was  directed  into  -tochromator  (Jarrel-Ash, 
model  32-4991  in  coniunctir  >  an  optical  multichannel 
analyser  (OMA)  IEG&G.  moc  'ARC-1460  and  a  detector 
1420  with  an  intensified  linear  photodiode  array).  A  typical 
spectrum  is  displayed  in  Fig.  I.  To  exclude  any  contribution 
from  the  strong  infra-red  (IR)  light  at  A"  5  064 pm  to  the 
visible  and  UV  signals,  two  BGIS  Schott  glass  filters  were 
mounted  in  front  of  the  input  slit  of  the  monochromator. 
Apart  from  blocking  the  1R  light,  the  filters  each  had  at  70% 

transmission  for  /.  •*  Q-J32pm  (2w)  and  ac20%  transmission 
for  i  m  0-355  pm  (3<u).  A  spectrum  such  as  the  one  in  Fig.  I 
was  recorded  with  an  integration  time  of  2  s.  a  sensitivity  of 
at  15  photons/count  and  a  spectral  resolution  of  at  6  A,  The 
peak  around  420pm  is  believed  to  be  due  to  Ruorescence  from 
the  TH  signal;  this  peak  has  been  observed  by  others.* 


Fig.  1  Spectrum  from  JOcm-long  unpreporeJ  piece  of  fibre,  illuminateJ 
with  light  mi*  106-1  pm,  10  kW  peak  power 

U.  OSTERBERG  lUth  November  1939 

Frank  J,  Seiler  Research  Laboratory 
US  Air  Force  AcaJemy,  CO  30340-6323,  USA 


For  most  fibres  the  SH  signal  started  to  grow  Immediately, 
and  very  soon  was  sn'ich  larger  than  the  TH  signal.  The 
growth  rates  for  the  SH  signals  for  different  lengths  of  this 
optica!  fibre  can  be  sects  in  Fig.  I  of  Reference  4.  For  approx¬ 
imately  10”,  of  the  fibres  investigated,  the  TH  signal  started 
to  grow  exponentially,  with  time  (Fig.  2). 

3  w 


Fig.  I  Third-  onJ  secanJ-harmontc  signals  at  function  «/  l/lumtwtnm 
tune  foe  3  cm-hmg  piece  pf fibre 

The  growth  rate  for  the  TH  signal  was  the  same  as  for  the 
SH  signal,  in  fibres  where  the  SH-signal  grew  and  not  the  TH 
signal.  However,  in  the  cases  when  the  TH  signal  grtw  expo¬ 
nentially  with  time  the  SH  signal  grew  linearly,  and  when  the 
Til  £Unal  jaiurated  the  SH  signal  started  to  grow  exponen¬ 
tially  with  time.  The  saturation  level  for  the  TH  signal  was 
comparable  to  the  saturation  level  for  the  SH  signal  *r  this 
particular  length  of  fibre.  >  , 

The  TH  signal  grew  to  approximately  60  times  its  original 
value.  This  increase  can  be  due  to  growth  of  the  real  part  of 
the  third-order  susceptibility,  an  increase  of  the  coherence 
length  or  both.  If  the  increase  could  be  solely  accounted  for  oy 
an  increase  in  the  third-order  susceptibility,  an  increase  of  a 
factor  of  II  in  the  spectral  width  of  the  fundamental  beam 
should  be  detected,  assuming  z'V,  «.  M}ar*u13w.  w, 
to,  to),  Improving  our  spectral  resolution  to  S 1 A  we  could 
detect  no  change  in  spectral  width  of  the  fundamental  beam 
before  and  after  the  growth  of  the  TH  signal.  Obviously,  more 
measurements  have  to  be  performed  before  it  U  known  what 
auses  the  TH  signal  to  grow. 

In  conclusion,  we  report  a  60  times  Increase  of  the  TH 
signal  with  time  in  an  optical  glass  fibre. 
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